While the magnetite stoichiometry (i.e. Fe(II)/Fe(III) ratio) has been extensively studied for 19 the reductive transformation of chlorinated or nitroaromatic compounds, no work exists 20 examining the influence of stoichiometry of magnetite on its binding properties. This study, 21 for the first time, demonstrates that the stoichiometry strongly affects the capacity of 22 52 Nalidixic Acid (NA) or Flumequine (FLU) (see their structures and speciation in Fig. S1 ).
magnetite to bind not only quinolone antibiotics such as nalidixic acid (NA) and Flumequine 23 (FLU), but also salicylic acid (SA), natural organic matter (humic acid, HA) and dissolved 24 silicates. Fe(II)-amendment of non-stoichiometric magnetite (Fe(II)/Fe(III) = 0.40) led to 25 similar sorbed amounts of NA, FLU, SA, silicates or HA as compared to the stoichiometric 26 magnetite (i.e. Fe(II)/Fe(III) = 0.50). At any pH between 6 and 10, all magnetites exhibiting 27 similar Fe(II)/Fe(III) ratio in the solid phase showed similar adsorption properties for NA or 28 FLU. This enhancement in binding capability of magnetite for NA is still observed in 29 presence of environmentally relevant ligands (e.g. 10 mg L -1 of HA or 100 µM of silicates). 30 Using surface complexation modeling, it was shown that the NA-magnetite complexation 31 constant does not vary with Fe(II)/Fe(III) between 0.24 and 0.40, but increases by 8 orders of 32 magnitude when Fe(II)/Fe(III) increases from 0.40 to 0.50.
I. Introduction

34
Magnetite is an ubiquitous mixed Fe(II)-Fe(III) oxide in soils and sediments, and is very 35 efficient in environmental remediation owing to its reduction capacity. 1, 2 For this reason, the 36 reactivity of magnetite to reduce various organic 3-7 and inorganic contaminants [8] [9] [10] [11] has been 37 extensively studied. The stoichiometry of the particles (i.e. Fe(II)/Fe(III) ratio that can vary 38 from 0 to 0.5) is one of the most important factors in the reduction reaction, and could govern 39 the reactivity of magnetite in natural systems. 6, 10, 11 Exposing non-stoichiometric magnetite 40 (i.e. low Fe(II)/Fe(III) ratio) to a source of Fe(II) can restore the 0.5 ratio (i.e. perfectly 41 stoichiometric magnetite) through oxidation of adsorbed Fe(II), accompanied by reduction of 42 the octahedral Fe(III) in the underlying magnetite to octahedral Fe(II). 5,6 Therefore, 43 investigations to recharge magnetite surfaces by Fe(II) in order to enhance its reactivity as 44 well as the effect of magnetite stoichiometry on the reduction of contaminants have attracted 45 great attention. 4 were conducted by adjusting pH to 11 after the system has reached equilibrium and then 199 stirred for around 2 h. Mass balance showed that NA or FLU was removed only by adsorption 
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(assuming that no electron transfer occurs between Fe(II) and the solid). This ranking is, 212 however, observed neither for metal uptake nor for NA adsorption to M0.40 (Fig. 2) . Indeed, 213 more Fe(II) uptake than Ni(II) is achieved ( Fig. 2a ), whereas maximum NA adsorption was 214 obtained at pH ≈ 7.5 for Fe(II) and pH ≈ 8.5 for Mn(II) and Ni(II). This observation is also 215 confirmed at higher metal concentration (e.g. 500µM, Fig. S7 ), thereby underscoring a 216 different adsorption behavior of NA in presence of Fe(II) with respect to other divalent 217 transition metals.
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Taken together, these findings suggest that the adsorption enhancement for NA is mainly mechanisms using a complete approach would have required fitting of many parameters, and then generated large errors on simulated phenomena. Therefore, we used the 2-pKa-CCM 233 approach developed by Jolsterå et al. 25 . Using acid-base titration method, they have calculated 234 site densities of 1.50 nm -2 and 0.99 nm -2 for magnetite (91 m² g -1 ) and maghemite (86 m² g -1 ), 235 respectively 236 As shown in Figure S8, (Fe(II)/Fe(III)) bound is maximal and constant (see Fig. 1c ; e.g. pH > 8 for M0.50, pH > 6.5 for 254 M0.40). As shown in Figure 1a (NA) and Figure S6 (FLU), a relatively good fit to the 255 adsorption data versus pH was found (unsuccessful extrapolations at lower pH are shown as 256 dotted lines in Fig. 1a and S6) . When plotting log S K for NA versus (Fe(II)/Fe(III)) bound (Fig.  3 whereas [Fe(II)] aq were found very low (Fig. 1b) . For pH ≤ 7, more pronounced NA constant for 0.23 < Fe(II)/Fe(III)) bound < 0.40, and then sharply increased after 0.40 (Fig. 2) .
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The existence of a threshold may be related to the surface amount of magnetite bound-Fe(II) 277 required to trigger the enhancement of NA binding with magnetite surfaces.
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Because non-stoichiometric magnetites may have oxidized magnetite/maghemite-like 279 structure at the outermost surface (oxidation of magnetite particles is supposed to take place 280 from the surface to the core 25 ), NA adsorption to magnetites with Fe(II)/Fe(III) ≤ 0.42 was 281 also evaluated using the surface complexation model developed for maghemite (i.e. fully oxidized magnetite). Because of the little variation in site density, surface area and acid-base 283 properties, log S K (for NA and FLU) determined using magnetite model or maghemite model 284 were found very similar ( Fig. 4 ).
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This modification in binding properties is not specifically limited to NA or FLU 
